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(54) Compact valve with rolling diaphragm poppet 

(57) A valve apparatus comprises a vatve body, a 
piston disposed within the valve body and a rolling dia- 
phragm poppet that is attached the piston to regulates 
fluid flow through the valve via interaction with a valve 
seat within the valve body The valve body has a cham- 
ber extending therethrough that includes a valve seat at 
one chamber end that defines a fluid inlet passage into 
chamber. The piston disposed within the chamber and 
is adapted for axial displacement therein by an actuating 
means. The rolling diaphragm poppet is attached to an 
end of the piston and is of a one-piece construction. The 
poppet includes a head that has a circular radial cross 
section, and that has a frontside surface that is adapted 
to interface with the valve seat in the chamber to control 
fluid flow therethrough. The head also has a backside 
surface that is adapted to accommodate attachment 
with an end of the piston. The poppet includes a cylin- 
drical sleeve that extends axially away from a peripheral 
edge of the head and that has a non-bellowed configu- 
ration. A flange extends radially from the sleeve to de- 
fine a peripheral edge of the poppet. The flange includ- 
ing means for providing a leak-tight seal with the valve 
body Axial displacement of the poppet head within the 
chamber, in response to the axial movement of the pis- 
ton, is provided by a rolling movement of the sleeve in 
an axial direction between a piston wall surface and a 
concentric wail surface within the valve body 
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Description 

This invention relates to fluid handling apparatus 
and poppets that can be used with corosive liquids with- 
out valve component degradation and with chemically 
pure liquids without deleteriously affecting the liquids; 
and more specifically, to valve apparatus having a rolling 
diaphragm poppet that allows the valve to be sized more 
compactly than conventional poppet or diaphragm valve 
constructions having a similar poppet stroke length, and 
that are designed for transporting chemically aggressive 
and chemically pure liquids without degrading and del- 
eteriously affecting the liquids. 

Fluid now control valves are used in applications 
where the valve internals are subjected to corrosive 
rfCtOic or caustic liquids, or where the purity of the liquids 
when tlow through the valve must be maintained. An 
cinmpk) of such application is the semi-conductor man- 
ut-»ctunnc) industry where process chemicals distributed 
through a control valve must maintain a high degree of 
ct ofniCfil pjnty to avoid contamination that may occur 
on iho microscopic level. Such valves are either con- 
st 'uctcd of relatively inert materials, e.g., fluoropoly- 
mcrs or other polymeric materials, or the valve surfaces 
which come into contact with the flowing liquids, or 
which potentially can come into contact with the liquids, 
are coated with such inert materials. 

Fluid flow control valves known in the art are com- 
monly biased into the closed position by a spring force 
and are opened by means of a solenoid actuator, or ac- 
tuator means operated by pneumatic or hydraulic pres- 
sure and the like. Valve closure springs typically used 
in such valves are made from a metallic material and 
configured to afford a resilient action. Such fluid control 
valves also include at least one diaphragm disposed 
within the valve chamber of the valve. The, diaphragm 
is placed into contact with the liquid and serves to pre- 
vent the escape of the fluid from the valve chamber into 
the valve operating mechanism and into the environ- 
ment. A valve stem is disposed axially within the cham- 
ber and the diaphragm is attached to an end of the valve 
stem, thereby forming a valve poppet assembly. The di- 
aphragm includes a peripheral edge portion that is en- 
gaged against an adjacent wall portion of the valve body 
at each opposite end of the valve body. 

The valve closure springs are typically placed adja- 
cent a surface of the valve diaphragm that is not ex- 
posed to the process fluid distributed through the valve. 
The transfer of the process fluid through the valve is con- 
trolled by the actuation of the valve stem within the 
chamber against a valve seat. The movement of the 
valve stem is accommodated in part by the controlled 
deformation of the diaphragm. Control valves construct- 
ed in this manner are prone to failure due to both the 
possibility of eventual diaphragm rupture and to the 
large number of leak paths inherent in such construc- 
tion. A valve constructed in this manner has two leak 
paths or potential passages through which fluid within 



the valve chamber can escape into the valve operating 
mechanism or the environment. One teak path is formed 
at the attachment point between the diaphragm and the 
end of the valve stem, and the other leak path is formed 
5 between the peripheral edge of each diaphragm and the 
valve body walls. 

Diaphragm rupture or leakage though any one of 
the leak paths is not desirable because the process 
chemical directed through the valve chamber may be 
10 allowed to escape into the valve body where the corro- 
sive or caustic chemical can come into contact with the 
valve spring, and thereby provide a source of ionic con- 
tamination to the process chemical to pass on to other 
downstream chemical processing units. Alternatively, 
*5 diaphragm rupture or leakage may result in the escape 
of the process chemical from the valve chamber, 
through the valve body and onto the ground or into the 
atmosphere, where the particular process chemical may 
cause a hazard to the environment or a health danger 
20 jo nearby operators. 

The potential for diaphragm rupture or leakage lim- 
its the extent to which such valves can be used in high 
process pressure or high process temperature applica- 
tions. The diaphragm used in such valves is designed 
25 to both permit a desired degree of elastic deformation 
to permit valve stem actuation and provide a barrier to 
prevent unwanted process fluid migration from the valve 
chamber into an actuating chamber of the valve. Al- 
though ultimate barrier performance of the diaphragm 
30 can be achieved by maximizing its thickness, a maxi- 
mum diaphragm thickness is governed by the compet- 
ing need to provide a diaphragm that is capable of elas- 
tically deforming a desired amount to ensure valve stem 
. actuation. It is this need to keep the diaphragm deform- 
35 able that also limits the temperature and pressure at 
which the valve can safely operate, it being understood 
that the maximum operating pressures and tempera- 
tures for the valve are related. 

The construction of a fluid flow control valve having 
40 a poppet assembly constructed using such valve stem 
and diaphragm members impacts the size of the valve 
itself, as the stroke length of the valve stem is closely 
related to the diameter of the diaphragm. Generally 
speaking, the longer the desired valve stem stroke 
45 length, the larger the diameter of the diaphragm to en- 
able such stroke length. Additionally, the size of a par- 
ticular valve that is adapted to operate to a certain max- 
imum pressure and temperature will depend, inter alia, 
on the size of the diaphragm that is needed to provide 
50 adequate deformation and barrier performance charac- 
teristics. Generally speaking, the more highly rated the 
valve i.e., the higher the flow, the larger the valve itself 
duo in part to the need to provide a diaphragm suitably 
sized to withstand such flow conditions. 
55 In the handling of fluids where the space occupied 
by the fluid handling apparatus or valve apparatus in a 
fluid handling system is at a premium, it is desired that 
such valve apparatus be compact or small in size. In the 
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handling of liquids where the chemical purity must be 
maintained, to ensure the desired degree of quality for 
the product manufactured using such process liquids, 
and the escape of process liquids into the environment 
is undesired, it is desired that the valve apparatus be 
made in a manner that both: (1) eliminates the possibility 
that contaminants may be introduced into the process 
caused by contact of the process liquid with elements 
of the vatve during distribution therethrough; and (2) 
minimizes the possibility of process liquid escaping from 
the valve chamber into other portions of the valve or into 
the environment. 

It is desirable that the valve apparatus be construct- 
ed having a compact size that is smaller than conven- 
tional diaphragm or poppet-type valves designed to op- 
orto at the same flow conditions. It is desirable that the 
v^rvc apparatus be made from material having a high 
oegrec of chemical resistance and thermal resistance 
to resist degradation through contact with corrosive, or 
oius ic ctiemicals and the like. It is desirable that the 
Vrtivc npp«iirttus be constructed in a manner that results 
tn the tntoct ent reduction of leak paths, thereby minimiz- 
ing the potential for chemical leakage into the environ- 
ment It is desirable that the valve apparatus be capable 
of operating at high temperatures and under high pres- 
sures without danger of valve failure or chemical leak- 
age It is also desirable that the valve apparatus be con- 
structed using conventional manufacturing principles 
from available materials to reduce the cost of manufac- 
turing such valve. 

Fluid flow control apparatus, constructed accorclipg 
to principles of this invention, generally comprise a valve; 
body a piston disposed within the valve body, and a rolh 
ing diaphragm poppet that is attached to the piston ancj. 
that regulates fluid flow through the valve via its interac- 
tion with a valve seat within the valve body. More spe- 
cifically, the valve body can be formed from one or two- 
or-more stacked members having a central chamber ex- 
tending therethrough. The chamber includes a valve 
seat at one end defining a fluid inlet passage into cham- 
ber The piston disposed within the chamber and js 
adapted for axial displacement therein by an actuating 
means. 

The rolling diaphragm. poppet according to this in- 
vention is attached to an end of the piston and is of a 
one-piece construction. The poppet includes a head that 
has a circular radial cross section, and that has a front- 
side surface that is adapted to interface with the valve 
seat in the chamber to control fluid flow therethrough. 
The head also has a backside surface that is adapted 
to accommodate attachment with an end of the piston. 
The poppet includes a cylindrical sleeve that extends 
axially away from a peripheral edge of the head and that 
has a non-bellowed diameter. A flange extends radially 
from the sleeve to define a peripheral edge of the pop- 
pet. The flange includes means for providing a leak-tight 
seal with the valve body. Axial displacement of the pop- 
pet head within the chamber in response to the axial 



movement of the piston, is provided by the a rolling 
movement of the sleeve in an axial direction between a 
piston wall surface and a concentric wall surface within 
the valve body. 

5 Rolling diaphragm poppets and fluid handling ap- 
paratus of this invention: (1) provide long poppet stroke 
length using a relatively small diameter poppet, thereby 
enable the compact sizing of fluid handling apparatus; 
(2) reduce the number of leak paths through the fluid 

io handling apparatus and/or to the environment due to the 
one-piece poppet, thereby reducing the possibility of 
corrosive or caustic chemical leakage that can be haz- 
ardous to the environment and/or present a health haz- 
ard to nearby operators; (3) reduce or even eliminate 

is the generation of particulate matter due to degradation 
of the movable diaphragm member, due to the rolling 
construction of the poppet sleeve and for using fluor- 
opolymeric materials in high-purity and aggressive 
chemical process liquid services; and (4) enable oper- 

20 ation at higher process flow rates, fluid temperatures 
and pressures than otherwise possible using conven- 
tional diaphragm-type valves of equal capability. 

These and other features, aspects, and advantages 
of the present invention will be more fully understood 

25 when considered with respect to the following detailed 
description, appended claims, and accompanying draw- 
ings, wherein: ^ 
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FIG. 1 is a perspective side view of a first embodi- 
ment of a valve apparatus provided in accordance 
with practice of the present invention; 
FIG. 2 is a cross-sectional side view of the valve 
apparatus of FIG. 1 in a closed operating condition 
for controlling the flow of fluid therethrough; r : 
FIG. 3 is a cross -sectional side view of a first em- 
bodiment rolling diaphragm poppet for the valve ap- 
paratus of FIG. 2; 

FIG. 4 is a cross-sectional side view of a second 
embodiment rolling diaphragm poppet from the 
valve apparatus of FIG. 2; 

FIG. 5 is a cross-sectional side view of the valve 
apparatus of FIGS. 1 and 2, illustrating a poppet as- 
sembly in an open position; 

FIG. 6 is a cross-sectional side view of second em- 
bodiment of a valve apparatus provided in accord- 
ance with practice of the present invention; 
FIG. 7 is a cross-sectional enlarged side view of a 
portion of a second embodiment valve apparatus 
comprising a rolling diaphragm poppet configured 
to provide improved fluid flow rate control charac - 
teristics; 

FIG. 8 is a perspective side view of a rolling dia- 
phragm poppet from the second embodiment valve 
apparatus of FIG. 7; and 

FIG. 9 is a perspective side view of an alternative 
rolling diaphragm poppet that can be used with the 
second embodiment valve apparatus of FIG. 7 to 
provide linear tluid flow rate control characteristics. 
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Valve apparatus constructed in accordance with the 
practice of this invention comprise a rolling diaphragm 
poppet that is attached to an actuating piston. The rolling 
diaphragm poppet provides axial poppet displacement 
within the valve by an axially directed rolling movement 5 
of the poppet, rather than by a diaphragm deformation 
movement, that allows such valve apparatus to be con- 
structed having a compact size while at the same time 
both having a longer poppet stroke length and being ca- 
pable of operating at higher process fluid flow rates and io 
pressures than conventional diaphragm-type valves 
having the same size. 

Referring to, FIG. 1 1 a first embodiment valve appa- 
ratus 10 provided in accordance with practice of the 
present invention comprises a valve body 12 made up 75 
of, moving from the bottom of FIG. 1 upwardly, a base 
14, a fluid transport housing (FTH) 16 disposed on top 
of the base 1 4, and a piston housing 1 8 disposed on top 
of the FTH 16. Screws 20, or other suitable attachment 
means, extend through the piston body 1 8 and the FTH 20 
16, and are threaded into the base 14 to attach the pis- 
ton body and FTH 16 thereto. 

The FTH 16 includes a fluid inlet port 22 through 
one of its sidewalls, and a fluid outlet port 24 (as shown 
in FIG. 2) through an opposite sidewall. In an air- or 25 
pneumatically-actuated embodiment of the valve appa- 
ratus 10, the piston housing 18 includes an inlet airport 
26 and an air outlet port or vent 28 extending through 
its sidewall. The FTH may also be configured having a 
leak detection port 30 (as shown in FIG. 2) extending 30 
through one of its sidewalls to monitor the occurrence 
of any fluid leakage within the valve apparatus. 

As illustrated in FIG. 2 and discussed in greater de- 
tail below, a poppet assembly 78 is disposed within the 
piston housing 1 8 and includes a rolling diaphragm pop- 35 
pet 86 at one of its ends. The poppet 86 is designed to 
both interact with a valve seat within the FTH 1 6, to con- 
trol fluid flow therethrough upon actuation of the poppet 
assembly, and to provide a leak-tight seal with the FTH 
16 to prevent the leakage of fluid to either the outside 40 
environment or the piston housing 18. The use of the 
rolling diaphragm poppet, to control fluid flow through 
the valve, permits a compact valve construction that has 
a relatively long poppet stroke length and that is capable 
of handling higher process fluid flow rates and pressures 45 
than conventional diaphragm -type valves of equal size. 

The valve apparatus embodiment described and il- 
lustrated in FIGS. 1 and 2, is designed. having a pneu- 
matically actuated poppet assembly. It is to be under- 
stood that the design of the valve apparatus may be so 
changed, while not varying from the spirit of the inven- 
tion, to accommodate other means of poppet assembly 
actuation, e g, mechanical, solenoid, hydraulic actuat- 
ing means and the like. 

Referring to FIG. 2. the FTH 16 includes a fluid inlet ss 
passage 32 that extends from the fluid inlet port 22 ax- 
ially upward through the FTH A valve seat 34 extends 
circumf erentially around an end of the fluid inlet passage 



32. A groove 36 is disposed within the FTH concentri- 
cally around the valve seat 34 and is designed to allow 
the valve seat 34 to move radially outward to comply 
with the poppet when it is placed into contact therewith. 
Extending upwardly away from the valve seat 34 to- 
wards an end of the FTH facing the piston housing 1 8, 
the FTH 1 6 includes a fluid chamber 38 that is designed 
to route fluid past the valve seat 34 to a fluid outlet pas- 
sage 40 and out of the FTH via the fluid outlet port 24. 
The FTH includes a groove 42 within the fluid chamber 
38 that is disposed circumferentially around a peripheral 
edge of the chamber. The groove 42 is designed to ac- 
commodate a complementary tongue of a poppet, as 
will be described in better detail below, to provide a leak- 
tight seat therebetween. 

Attached to an end of the FTH 16 is the piston hous- 
ing 1 8. The piston housing includes a piston chamber 
44 that extends axially through the piston housing from 
an open end 46, that interfaces with the FTH, to an op- 
posite closed end 48 of the piston housing. As men- 
tioned above, the piston housing includes, when adapt- 
ed to provide pneumatically-actuated poppet assembly 
movement, an inlet air port 26 and an outlet air port 28 
that each extend through a piston housing sidewall. Ad- 
ditionally, the piston housing can be configured to pro- 
vide leak detection via a leak detection port 30 extending 
through its sidewall. 

The piston chamber 44, in a preferred embodiment, 
has a circular radial cross section and includes both a 
first diameter section 50, that extends axially a distance 
from the open end 46, and a smaller second diameter 
section 52 that extends axially from the first diameter 
section 50 to the closed end 48 of the piston housing. 
The piston chamber 44 is constructed in this manner to 
accommodate non-movable or immobile placement of 
a piston gland 54 therein; The piston gland is used in 
applications where an air-actuated poppet assembly is 
desired to create an air-tight pressurizing chamber with- 
in the piston chamber. The piston gland 54 has a donut- 
shaped annular construction with a central opening 56 
extending axially therethrough for accommodating 
placement of a poppet assembly piston 80 therein. The 
gland 54 includes an outside wall surface having a first 
diameter section 58 that is sized for placement within 
the first diameter section 50 of the piston chamber, and 
a second diameter section 60 that is sized for placement 
within the second diameter section 52 of the piston 
chamber. When loaded into the open end 46 of the pis- 
ton chamber 44, maximum axial placement of the gland 
therein is limited by the interaction between comple- 
mentary shoulders formed in the piston chamber and 
the gland where the respective chamber and gland first 
and second diameter sections meet. The gland 54 is 
sized axially so that, when loaded into the piston cham- 
ber, it does not extend beyond the open end 46. 

In applications where leak detection is desired, the 
gland 54 includes a leak passage 64 extending radially 
therethrough from the central opening 56 to its first di- 
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ameter section 58. When loaded within the piston cham- 
ber, the leak passage 64 is in fluid flow communication 
with an annular groove in the first diameter section 58. 
which groove is in fluid flow communication with the leak 
port 30 in the piston housing to facilitate fluid-flow into 
the leak port in the event that process fluid leaks past 
the fluid chamber 38 and into the piston chamber. Leak 
detection using a valve configured in this manner can 
be performed by using conventional leak detection 
means, such as by invasive and non-invasive leak sen- 
sors, or by visual indication. 

The piston gland 54 includes one or more annular 
seals around its outside diameter surface to form a leak- 
tight seal with the adjacent piston chamber wall surface. 
In a preferred embodiment, the gland includes a first an- 
nular seal 66, that extends circumferential ly around its 
first diameter section 58 and that is disposed within a 
groove 68, and a second annular seal 70 that extends 
circumferentially around its second diameter section 60 
and that is disposed within a groove 72. The first and 
second annular seals 66 and 70 are positioned axially 
along the gland so that the leak passage 64 is inter- 
posed therebetween. The gland also includes a third an- 
nular seal 74 that extends circumferentially around the 
surface of the central opening 56 within a groove 76, 
The third annular seal 74 is positioned axially along the .. 
gland on the same side of the leak passage 64 as the v , 
second annular seal 70 to both prevent the passage of 
fluid leaking from the fluid chamber 38 beyond the gland 
and into the piston chamber, and to direct leaking fluid 
into the leak passage 64 for leak detection. The third 
annular seal 74 also forms an air-tight seal against the 
piston to provide air actuated piston movement. The . 
first, second and third annular seals are preferably Or 
ring type seals formed from a material having desired 
properties of elasticity. Where chemical resistance is al- 
so desired, the O-ring seal may be made from Viton or 
from other types of fluoroelastomeric materials. 

The poppet assembly 78 is disposed axially within 
the piston chamber 44. The poppet assembly 78 corrv 
prises a piston 80, having a head portion 82 at one of 
its axial ends, a tail portion 84 at its opposite axial end, 
and a rolling diaphragm poppet 86 attached to its head 
portion. The piston 80 is generally cylindrical in shape 
and includes a hollow passage 88 that extends a dis- 
tance axially from the head portion 82 into the piston. 
The hollow passage 88 is configured to accommodate 
therein and provide attachment with a stem portion 118 
of the poppet 86. The outside surface of the piston 80 
has a first diameter 90 that extends axially a distance 
from the head portion, and a second diameter section 
92 that is slightly larger than the first diameter section 
and that extends axially a distance therefrom. The sec- 
ond diameter section 92 of the piston 80 is sized to fit 
within the central opening 56 of the piston gland 54 so 
that a leak-tight seal is formed between the piston and 
the thirdannular seal 74. The reason why the piston first 
diameter section 90 is sized smaller than the piston see- 
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ond diameter section 92 will be explained below with ref- 
erence to the poppet. 

The piston 80 includes a flared section 94 that ex- 
tends radially away from the second diameter section 
92, and that has an outside diameter sized to fit within 
the piston chamber 44 second diameter section 52. The 
flared section 94 is positioned axially near the middle of 
the piston and includes a groove 96 disposed circum- 
ferentially around its outside surface that is positioned 
facing a wall surface of the piston chamber. An annular 
seal 98 is disposed within the groove and provides a 
leak-tight seal between the piston and the piston cham- 
ber. The annular seal 98 can be made from the same 
type of material described above for the first, second 
and third annular seals. A backside surface 100 of the 
flared section 94, i.e., the surface of the flared section 
directed axially toward the tail portion 84 of the piston, 
is adapted to accommodate placement of one end of a 
valve spring 102 thereon. 

Moving axially away from the flared section 94 to- 
wards the tail portion 84, the piston includes a third di- 
ameter section 104 that extends axially a distance from 
the flared section 94 to the tail portion 84. The third* di- 
ameter section 104 is sized to fit within the coils of "the 
valve spring 102 to prevent binding with the spring when 
the poppet assembly is actuated. In a preferred embod- 
iment, the piston third diameter section 102 is sized 
slightly smaller than the second diameter section 92. 
The tail portion 84 of the piston 80 extends axially a'dis- 
tance away from the third diameter section 104 to form 
an end of the piston. The tail portion 84 has a diameter 
sized smaller than that of the third diameter section 104, 
thereby forming a shoulder 106 at the transition point. 

The piston 80 is loaded into the piston chamber 44 
so that the tail portion 84 is disposed within an opening 
108 through the closed end 48 of the piston housing 18. 
The tail portion includes a groove 110 that extends cir- 
cumferentially around its outside surface, and an annu- 
lar seal 112 that is disposed within the groove 110 to 
provide a leak-tight seal between the piston tail and the 
opening 108. The valve spring 102 is interposed be- 
tween the closed end 48 of the piston housing 18 and 
the backside surface 100 of the piston flared section 94, 
and concentrically around both the third diameter sec- 
tion 104 and a portion of the piston tail portion 84. The 
poppet gland 54 is disposed around the piston so that 
a leak-tight seal is formed between the gland central 
opening 56 and the piston second diameter section 92. 

Referring to FIGS. 2 and 3, the poppet 86 is in the 
form of a roiling diaphragm and, therefore may be re- 
ferred to as a rolling diaphragm poppet. The poppet 
comprises a head 114 that is centrally positioned and 
that includes an frontside surface 116 that is adapted to 
contact the valve seat 34 and provide a leak-tight seal 
therebetween. The poppet head 144 can be configured 
having a planar frontside surface 116 or can be config- 
ured having a non-planar frontside surface. For exam- 
ple, as illustrated in FIGS. 2 and 3, the poppet head can 
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be configured having an edge that is chamfered radially 
inward; In such example embodiment the poppet head 
edge can be chamfered inwardly at an angle of approx- 
imately 45 degrees. 

A poppet stem 118 projects axially away from a 
backside surface of the head 1 1 4 and is adapted to pro- 
vide an attachment fitting with the hollow passage 88 of 
the piston head portion 82. In one embodiment, the pop- 
pet stem 118 is threaded to provide a threaded attach- 
ment with complementary threads within the hollow pas- 
sage 88 of the piston head portion 82. Alternatively, the 
poppet stem 118 can be configured to provide an inter- 
ference snap fit or the like with a complementary hollow 
passage of the piston head portion to provide attach- 
ment thereto. Referring to FIG. 4, for example, the pop- 
pet 65 can be configured having an arrow-shaped stem 
1 1 r tnat can snap into a hollow passage 88 of the piston 
head portion 52 having a complementary shape. 

I* dosired. for purposes of forming a piston having 
enhanced structural rigidity in the axial direction, the pis- 
ttri IhJIcw p<ibsage 88 can be configured having a depth 
grcrtlcr than the poppet stem 118 to accommodate 
pUccmcnt ot a piston insert (not shown) therein. The 
piston insert can be made from an inert material, such 
ao a ceramic material and the like, that is capable of 
providing structural reinforcement to the piston! An ex- 
ample of when use of the piston insert would be desjr- 
able is where the valve apparatus is to be used in a high 
temperature or high pressure process fluid application, 
i e . where enhanced piston rigidity would be desired 

Moving radially away from the head 114, the poppet 
includes a sleeve. 120 that is integral with the poppet 
head 1 1 4 and that extends a distance axially away from 
the head to a poppet flange 122. An important feature 
of rolling diaphragm poppets of this invention is that they 
are formed as a one-piece construction! Such a one- 
piece poppet construction is highly desirable because it 
minimizes the number of potential leak paths through 
the valve, thereby minimizing the potential for fluid leak- 
age from the transport chamber 38 into the piston cham- 
ber 44. Conventional diaphragm-type valves typically in- 
clude a valve stem that is placed through a hole or open- 
ing in the diaphragm. Such multi-piece construction pro- 
vides an inherent leak path between the valve stem and 
the diaphragm through which process fluid can exit the 
valve. The one-piece construction of rolling diaphragm 
poppets of this invention eliminates this leak path, there- 
by reducing the possibility of unwanted fluid leakage 
through or from the valve. 

The sleeve 120 is in the form of a continuous thin- 
wall structure that extends between the head 114 and 
the flange 1 22, and that permits the head to be displaced 
axially relative to the stationary flange 122 via a rolling 
and unrolling movement of the sleeve in an axial direc- 
tion. It is important to note that the sleeve has a non- 
bellowed configuration. Preferably, the sleeve is config- 
ured having a cylindrical or conical axial profile, i.e., hav- 
ing a constant or tapered diameter. It is also desired that 



the sleeve have a constant wall thickness. The sleeve 
facilitates axial poppet head movement by axially direct- 
ed rolling movement not by an accordion type stacking 
movement that can be provided by a bellow-shaped 

5 sleeve. A key feature of this design, as will be discussed 
below, is that the sleeve is at all times supported along 
its inside surface by the piston and piston gland central 
opening, respectively. This design is superior to conven- 
tional valve designs that incorporate an unsupported di- 

10 aphragm that provides poppet movement by elastic de- 
formation, because there is no unsupported deforma- 
tion of the movable member and, thus no risk of rupture 
or other failure due to such unsupported deformation. 
Such supported rolling action of the sleeve enables the 

is poppet to function at higher process fluid temperatures 
and pressures than conventional diaphragm-type 
valves. 

Referring again to FIGS. 2 and 3, the flange 122 
has an axial thickness that is greater than the sleeve 

20 120 for purposes of providing an attachment structure 
between the FTH 16 and the piston housing 18 and, 
more specifically, between the FTH and the piston gland 
54 for an air actuated valve embodiment. The flange 1 22 
has a frontside surface that includes a tongue 124 that 

25 is sized to fit within the groove 42 in the fluid chamber 
38. Preferably, the tongue 124 has a stepped configu- 
ration to stabilize the placement of the flange 122 onto 
the FTH 16 when the poppet 86 is sandwiched between 
the piston housing 18 and FTH 16. The flange 122 has 

30 a planar outside diameter surface 126 that extends ax- 
ially from the tongue 124 to a backside surface of the 
flange, and that has a diameter sized to fit within both 
the FTH and the piston housing first diameter section 
50. A key feature of the poppet flange is that the tongue 

35 1 24 is sized having a radial width and axial length that 
completely fills the groove 42 in the fluid chamber 38 to 
thereby both eliminate any fluid hold-up volume within 
the FTH, and to provide a leak-tight seal therebetween. 
The backside surface ol the poppet flange 122 is 

40 planar to provide a complementary surface for interfac- 
ing with the piston gland 54, in the case of an air-actu- 
ated valve embodiment, or the piston housing. A circular 
cavity 128 extends around the backside surface of the 
head 1 1 4 between the stem 1 1 8 and the sleeve 1 20 that 

45 both isolates the sleeve from the stem and that accom- 
modates placement of the piston head portion 82 there- 
in. As shown in FIG. 2, the piston head portion 82 fits 
within and completely fills the cavity 128 when the pop- 
pet stem 118 is placed into and attached with the piston 

so hollow passage 88. 

In an example embodiment, such as that illustrated 
in FIGS. 2 and 3, a poppet 86 constructed to fit within a 
valve apparatus having a height of approximately 177 
millimeters (as measured from the bottom of the base 

55 to the top of the piston housing) and a width of approx- 
imately 60 millimeters (as measured from the ends fluid 
inlet and outlet ports) has a flange 122 diameter of ap- 
proximately 33 millimeters, a radial flange width of ap- 
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proximately 7 millimeters, an axial flange length of ap- 
proximately 6 millimeters, a head diameter of approxi- 
mately 1 4 millimeters, a sleeve 1 20 wall thickness of ap- 
proximately 0.4 millimeters, a sleeve, length of approx- 
imately 6 millimeters, a stem diameter of approximately 
9 millimeters, and a stem 118 length of approximately 
20 millimeters, and a radial cavity 128 width of approx- 
imately 2 millimeters. 

The poppet 86 is attached to the piston 80 after the 
piston and vatve spring 102 are loaded into the piston 
housing 18, and after the piston gland 54 is disposed 
over the piston and is positioned into the piston chamber 
44. The piston housing 18, comprising the poppet as- 
sembly 78, is then mounted onto the FTH 16 so that the 
poppet tongue 1 24 fits into the fluid chamber groove 42. 
The poppet assembly 78, as illustrated. in FIG. 2, is in 
the closed position with the head 114 of the poppet 86 
disposed against the valve seat 34, preventing fluid 
within the fluid inlet passage 32 from entering the fluid 
chamber 38. The poppet assembly is maintained in such 
closed position due to the spring pressure acting there- 
on provided by the valve spring 102, i.e., the valve ap- 
paratus is constructed to provide normally-closed oper- 
ation. Alternatively, the valve can be constructed with 
the valve spring 102 interposed between a fronts ide sur- 
face of the piston flared section and a backside surface 
of the gland 54 to provide a normally-opened operation. 

When the poppet assembly is in the closed position, 
the poppet sleeve 120 is extended.axially into the fluid, 
chamber 38, and a wall surface of the piston head por- 
tion 82 supports an inside surface of the sleeve 1 20. The 
design of the head portion 82, to support the inside sur- 
face of the sleeve 1 20 when the poppet 86 is in the 
closed, position, is a key design feature because it pre- 
vents the relatively thin sleeve item being deformed due 
to high process fluid operating pressures and/or temper- 
atures. 

As illustrated in FIG. 5, when a sufficient amount of 
pneumatic pressure is routed to an air chamber 130 in 
the piston chamber between the piston flared section 94 
and piston gland 54, via the inlet air port 26, to equalize 
and overcome the spring pressure provided by the valve 
spring 102, the piston 80 is displaced axially within the 
piston chamber 44 towards the closed end 48. The pis- 
ton 80 is axially displaced within the piston chamber 44 
until the piston shoulder 106 abuts against a ridge 130 
that. projects axially a distance from the piston housing 
closed end 48 towards Ihe piston. As the piston moves 
axially within the piston chamber, air within the piston 
chamber that exists between the piston flared section 
94 and the piston housing closed end 48 is displaced or 
vented therefrom via the air outlet port 28. 

The axial displacement of the piston 80 within the 
piston chamber causes the poppet head 1 1 4 to disen- 
gage the valve seat 34, thereby allowing fluid within the 
fluid inlet passage 32 to enter the fluid chamber 38 and 
pass through the FTH via the fluid outlet passage 40 the 
fluid outlet port 24. Axial displacement of the piston 80 



within the piston chamber also causes the poppet 
sleeve 1 20 to roll in an axial direction off of the piston 
and onto an adjacent concentric inside surface of the 
piston gland central opening 56. 
£ To enable such rolling action and transfer of the 
sleeve between the adjacent valve surfaces, e.g., the 
piston and the piston gland opening, it is important that 
a sufficient clearance exists between the surfaces to ac- 
commodate a rolling diameter of the sleeve. For exam- 
io pie, in a preferred valve apparatus embodiment as illus- 
trated in FIG. 2, the piston first diameter section 90 is 
sized smaller than the piston gland central opening 56 
to provide a clearance therebetween of approximately 
1 .2 millimeter. Such clearance is sufficient toaccommo- 
15 date rolling of a poppet sleeve having a wall thickness 
of approximately 0.4 millimeters. 

As mentioned above, key features of this invention 
is the design of the rolling diaphragm poppet that: (1) 
has a one-piece construction; (2) provides a leak-tight 
'20 seal against the valve seat; (3) provides leak-tight seal 
with the FTH 16; and (4) permits a relatively long poppet 
stroke length by rolling axial movement without risking 
rupture or other type of deformation-related failure? An- 
other desired feature of the poppet is that, due to both 
25 its design and material of construction, its use avoids 
the generation of particulate matter caused from the 
degradation of the movable portion (i.e., the sleeve)*/ 

An important feature of the rolling diaphragm pop- 
pet is its ability to permit a relatively long poppet stroke 
30 length within the fluid chamber while having a relatively 
small poppet diameter. Conventional diaphragm-type 
valves require that a larger diameter diaphragm be used 
in order to achieve an increased poppet or valve stem 
stroke length. This is so due to the need to control the 
35 amount of diaphragm deformation during valve stem ac- 
tuation to minimize the possibility of diaphragm rupture. 
Since the poppet of this invention allows poppet move- 
ment by an axially directed rolling of the sleeve, rather 
than by diaphragm deformation, it can be adapted to ac- 
40 commodate a long stroke length by varying the axial 
length of the poppet sleeve without increasing the pop- 
pet diameter. This design feature allows valves incorpo- 
rating such poppet to be constructed having a more 
compact size than otherwise possible using convention- 
's al diaphragm technology. 

It is to be understood that poppets of this invention 
can be used in fluid flow control valves designed differ- 
ently than that specifically described above and illustrat- 
ed in FIGS. 1 and 2, and that such flow control valve 
50 embodiment was provided for purposes of reference. 
For example, poppets of this invention may be used in 
fluid flow control valves that are manually actuated or 
actuated by solenoid operation. In such embodiments, 
the piston housing may be designed differently that il- 
55 lust rated in FIG. 2. For example, in such non air-actuat- 
ed embodiments the piston chamber does not include 
the piston gland (since there would be no need to create 
or have an air chamber), and the piston may not have 
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the flared section (since there would be no need to cre- 
ate or have an air-tight seal within the piston chamber). 
In such embodiment, the piston chamber would: (1) 
have an inside diameter sized slightly larger than the 
piston to accommodate its placement therein; (2) pro- 
vide support for the poppet sleeve when the poppet is 
moved into the open position; and (3) abut against the 
backside surface of the poppet flange. 

Poppets constructed according to this invention can 
also be used in fluid handling apparatus other than 
valves. For example, rolling diaphragm poppets accord- 
ing to this invention can be configured to serve as a pres- 
surizing member in a reciprocating pump. In such em- 
bodiment, the poppet would be attached to a reciprocat- 
ing piston and would reciprocate within a pressure 
chamber vatved to provide a sequenced fluid inlet into 
and fluid outlet out of the chamber synchronized with 
the reciprocating poppet axial displacement within the 
chamber. 

Poppets of this invention may be used in the con- 
struction of needle or plug valves that are designed to 
provide precise control over fluid delivery. FIG. 6 illus- 
trates a second embodiment valve apparatus in the form 
of a plug valve 1 32, constructed according to principles 
of this invention, comprising a FTH 1 34 having a fluid 
inlet port 136, a fluid inlet passage 138, and a fluid outlet 
port 140 disposed therethrough. A piston housing 1^2 
is disposed on top of the FTH 1 34 and is threadably at- 
tached thereto. A poppet assembly 144 is disposed ax- 
tally within a piston chamber 146 of the piston housing 
1 42 and a fluid chamber 1 48 of the FTH, and comprises 
a piston 1 50 and a rolling diaphragm poppet 1 52. 

The piston 1 50 has a tail portion 1 54 at one of its 
axial ends and a head portion 1 56 at its opposite axial 
end. The head portion 1 56 includes a projection 1 58 that 
extends a distance axiatly therefrom. The projection 1 58 
is configured to cooperate with a complementary cavity 
160 in a backside surface of the poppet 152 to provide 
attachment therewith. The head portion 156 has a first 
diameter section .162 that extends axially a distance 
along the piston 150. A second diameter section 164, 
that is larger than the first diameter section, extends ax- 
ially along the piston 150 from the first diameter section 
162 to a radially projecting flared section 166. The sec- 
ond diameter section 164 is sized to fit within a first di- 
ameter section 168 of the piston chamber 1 46 to facili- 
tate its axial displacement therein. 

The flared section 166 has a diameter sized to fit 
within a second diameter section 170 of the piston 
chamber 146 to facilitate its axial displacement therein. 
The piston 1 50 includes a third diameter section 1 72 that 
extends axially a distance from the flared section 166, 
and that is both larger in size than the second diameter 
section 164 and smaller in size than the flared section 
166. The second diameter section 170 of the piston 
chamber includes a ridge 174 that projects circumferen- 
tially inwardly therefrom towards the piston, thereby lim- 
iting axial travel of the piston flared section 166 to within 



the second diameter section 1 70 of the piston chamber. 

Moving axially away from its third diameter section 
172, the piston includes a threaded section 176 that is 
sized and configured to complement an adjacent 

5 threaded section 1 78 of the piston chamber. The piston 
includes a fourth diameter section 180 that extends ax- 
ially a distance from the threaded section 176 to the tail 
portion 1 54, and that is sized having the same diameter 
as its third diameter section 172. The tail portion 154 of 

io the piston includes radially projecting knob 182, that has 
a diameter greater than the threaded portion 178 of pis- 
ton chamber, to facilitate grasping and rotating the pis- 
ton between ones fingers. 

The rolling diaphragm poppet 1 52 is attached to the 

75 head portion 1 56 of the piston and includes a head 1 84 
that has a frontside surface 186 adapted to make con- 
tact with a valve seat 188 of the FTH fluid chamber 148 
when the poppet is placed into a closed position within 
the FTH fluid chamber (as illustrated in FIG. 5). As de- 

20 scribed above and illustrated in FIGS. 2, 3 and 4, moving 
radially away from the head 186, the poppet includes a 
sleeve 1 90 that extends axially away from the head to 
a flange 1 92. The sleeve 1 90 is designed having a thin - 
wall construction to permit it to roll in an axial direction 

2S onto either an adjacent concentric first diameter section 
1 62 of the piston, when the poppet is in a closed position 
within the FTH, or onto an adjacent first diameter section 
168 of the piston chamber 146, when the poppet is in 
an open position within the FTH. 

30 The poppet flange 192 is constructed identically to 
that described above and illustrated in FIGS. 2 to 4. The 
FTH fluid chamber 148 includes a groove 194 that is 
disposed circumferentially therearound to accommo- 
date placement of the flange tongue 196 therein. The 

35 tongue 196 and flange 194 are sized as described 
above to eliminate fluid hold up therein, and to provide 
a leak-tight seal when the flange 192 is interposed be- 
tween the FTH and piston housing. 

The plug valve 132 is assembled by installing the 

40 piston 1 50 into the piston chamber so that the piston 
flared section 1 66 passes over the piston chamber ridge 
174 and into the piston chamber second diameter sec- 
tion 170. The poppet 152 is positioned over the piston 
head portion 1 56 and the projection 158 is inserted and 

45 snapped into the cavity 160 disposed within the back- 
side of the poppet head 184. The poppet flange 192 is 
placed into the FTH fluid chamber 1 48 so that its tongue 
1 96 is installed within the fluid transport chamber groove 
1 94, and the piston housing/piston assembly is attached 

so to the FTH by threaded engagement between the piston 
housing and FTH. 

The poppet sleeve 1 90 permits axial displacement 
of the poppet within the fluid chamber by rolling in an 
axial direction along both the piston and piston chamber. 

55 Both the piston and piston chamber provide support to 
the inside surface of the sleeve, thereby protecting the 
sleeve against unwanted deformation. The poppet 152 
is moved into a closed position within the FTH fluid 
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chamber 148 by rotating the piston tail portion 154 in a 
first direction that causes, via the threaded cooperation 
of the piston and the piston chamber, the piston 1 50 to 
move towards the FTH and the poppet head 184 to 
move into contact with the valve seat 188. The piston is 
configured to rotate within the poppet by a loose fitting 
that is formed between the projection 158 of the piston 
and the cavity 160 of the poppet. The poppet 152 is 
moved into an open position within the FTH fluid cham- 
ber by rotating the piston tail portion 1 54 in a second 
direction, opposite from the first, that causes the piston 
to move away from the FTH and the poppet head 184 
to move away from the valve seat 1 88. 

A plug valve constructed as described above and 
as illustrated in FIG. 6, comprising the rolling diaphragm 
poppet of this invention, has the same key features as 
that described above for the valve apparatus illustrated 
in FIG. 2. 

FIG. 7 illustrates a second embodiment vaive ap- 
paratus comprising a rolling diaphragm poppet 198 that 
is configured to provide a precise control of fluid flow 
over a determined fluid flow rate. Specifically, the poppet 
1 98 includes a head 200 that has a generally cylindrical 
radial cross section and that is sized to provide a low 
tolerance fit within the fluid inlet passage 202. The low 
tolerance or interference fit between the poppet heac] 1 
and the fluid inlet passage is a key design feature that 
stabilizes the poppet within the inlet passage, thereby 
eliminating lateral poppet movement therein and any flu- 
id flow variations associated with the same,. 

The poppet head 200 includes a notch 204 that runs 
axially along the head a distance away from the fTohtr. 
side surface 206 of the head, and that projects radially 
inward a distance into the head. The notch can have a, 
number of difference geometric configurations. For ex- 
ample, as best shown in FIG. 8, the notch ?04 can have 
a V-shaped configuration, taken from the frontstde sur- 
face or free end of the head 200, haying a gradient depth 
that goes to zero (i.e., that blends with the cylindrical 
outside surface of the head) at an axial distance from 
the frontside surface. Alternatively, the notch can be in 
the shape of a crescent that is formed by radially slicing 
away a portion of the poppet head at an angle to the 
axial axis running therethrough. In each embodiment, 
such slice would extend axially Irom a free end of the 
poppet head a predetermined distance therealong, and 
would extend radially outwardly from the free end.. 

The notch can also be configured to provide a valve 
having linear fluid flow rate characteristics. Linear fluid 
flow rate as used herein means that the rate of fluid flow 
through the FTH changes linearly relative to the axial 
displacement of the poppet within the fluid inlet passage 
202. For example, referring to FIG. 9, the notch 204 is 
configured in the shape of a rectangle to provide linear 
fluid flow rate characteristics. The notch 204, taken from 
the frontside surface of the head 200, has a determined 
width and radial depth, and has a determined axial 
height that extends along the poppet head an axial dis- 



tance from the frontside surface. The exact size of the 
notch, and the number of notches disposed in the pop- 
pet head, can vary depending on the fluid flow rate range 
desired for a particular valve application. 
5 An important feature of the poppet head embodi- 
ment that is specifically designed to provide a valve hav- 
ing linear fluid flow rate characteristics, is that it enables 
enhanced control over fluid flow rates at low fluid flow 
conditions when compared to conventional needle 
10 valves that provide a geometric (i.e., nonlinear) fluid flow 
rate characteristic. The use of valves that produce such 
geometric fluid flow rate characteristics may not be de- 
sirable in applications where precise flow rate control 
and flow rate adjustability is desired or necessary over 
is a range of fluid flow rates. 

Still referring to FIG. 7, the poppet 1 98 is positioned 
within the FTH fluid chamber 206 so that the poppet 
head 200 is positioned within the fluid inlet passage 202 
a sufficient depth so that the notch 204 is disposed com- 
20 pietely below the valve seat 212. As the piston 214 is 
rotated or otherwise moved axially away from the FTH, 
the poppet head 200 is withdrawn from the fluid inlet 
passage 202 so that the notch 204 is moved past the 
valve seat 212, thereby initiating tluid flow past the pop- 
25 pet head 200, into the fluid chamber 208, and through 
the fluid outlet passage 214. x 

A key feature that enables the poppet as described 
above and illustrated in FIGS. 7 to 9 to provide a valve 
having improved control over its fluid flow rate charac- 
30 tenstics is the fixed or non-rotatable attachment of the 
poppet to the FTH. Such non-rotational axial movement 
of the poppet head 200 within the fluid inlet passage 202 
eliminates undesired flow rate effects or variations that 
are known to be produced by conventional rotatable flow 
35 control members. In conventional needle valves, the 
flow control member is allowed to rotate within the fluid 
chamber as it is moved axially therein to adjust the flow 
of fluid through the valve. The rotation of such flow con- 
trol member is known to introduce variations in the fluid 
40 flow rate characteristic of the valve that impairs the 
valve's ability to provide precise fluid flow rate control 
over a range of fluid flow rates. The non-rotatable at- 
tachment of the poppet within the FTH eliminates such 
rotationally induced fluid flow rate characteristic varia- 
45 tions. 

The interference placement of the poppet head 
within the fluid inlet passage to stabilize the poppet, and 
the non-rotatable attachment of the poppet to the FTH, 
act together to stabilize and control the placement of the 

so poppet within the valve, thereby allowing the valve to 
provide a greater degree of control over fluid flow rate 
than previously possible in conventional needle valves. 
Additionally, even greater control over fluid flow rate is 
achieved when the valve of this invention comprises a 

55 poppet that is configured to provide a linear fluid flow 
rate characteristic. 

Valve apparatus constructed according to principles 
of this invention are well suited for use in transporting 



9 



17 



EP 0 882 921 A2 



18 



and regulating the flow of all types of fluids. A particular 
application for such valve apparatus is to control the flow 
rate of process chemicals that are used, for exampje. in 
the semiconductor industry. In such applications, it is de- 
sired that the FTH, and poppet, i.e., the wetted valve 5 
members, preferably be made from a material that dis- 
plays good chemical and thermal resistance properties. 
Such properties are desirable if the valve apparatus is 
to be used in the semiconductor manufacturing industry 
or in any other industry where corrosive chemicals are 10 
to be passed through the valve or where it is desirable 
that a high degree of chemical purity of the process 
chemical passed through the valve be maintained. In the 
semiconductor manufacturing industry, highly corrosive 
process chemicals such as strong inorganic acids, '5 
strong inorganic bases, strong solvents, and peroxides 
are used during the etching operation and are often- 
times heated to enhance the etching action of the chem- 
icals, and thus enhance the efficiency of the etching op- 
eration. It is, therefore, important that the valve and pop- 20 
pet contained therein to control the flow of such process 
chemicals be both chemically and thermally resistant to 
provide dependable operation without the potential for 
valve failure, which may result in leakage of the corro- 
sive chemicals and associated vapors from the valve, 2s 
where it could cause a hazard to the to the environment 
and/or a danger to nearby operators. v 

Additionally, it is important that the valve be chem- 
ically resistant so that it will not degrade upon contact 
with the process chemicals and introduce contamination 30 
into chemically pure process liquids. The introduction of 
such contaminants may cause hundreds of thousands 
of dollars of damage to a batch of semiconductors un- 
dergoing treatment with such process chemicals. 

In such application, it is desired that the FTH and 35 
poppet be constructed from a fluoropolymer compound 
selected from the group of fluoropolymers including pol- 
ytetrafluoroethylene (PTFE), fluorinated ethylene-pro- 
pylene (FEP), perfluoroalkoxy fluorocarbon resin (PFA), 
polychlorotrifluoroethylene (PCTFE), ethylenechlorotri- *o 
fluoroethylene copolymer (ECTFE), ethylene-tetrafluor- 
oethylene copolymer (ETFE), polyvinyl idene fluoride 
(PVDF), polyvinyl fluoride (PVF) and the like. A particu- 
larly preferred material is Teflon® PFA or Teflon® PTFE, 
which are provided by DuPont Company of Wilmington, 
Del. Such materials are not damaged by corrosive, acid- 
ic, or caustic liquid? and do not introduce contamination 
into chemically purr Squids. The non-wetted valve mem- 
bers, e.g., the piston housing and piston, can be made 
from any suitable structural material. Since these valve 
members are not wetted by the process fluid they can 
be made from such plastics as polypropylene and the 
like that can provide a suitable degree of structural ri- 
gidity for the particular application. Where properties of 
chemical resistance are desired for the entire valve : the 
non-wetted members can be formed from the same 
fluoropolymers described above, wherein a preferred 
chemically resistant material lor the piston housing and 



piston is Tefzel® ETFE from DuPont. 

Each of the valve members comprising the FTH, 
piston housing, piston and poppet, can be formed by ei- 
ther mold or machine process, depending on both the 
type of material that is chosen and the project budget. 
For example, in a preferred embodiment the poppet is 
formed from Teflon® PTFE by a machine process due 
to the nature of the selected material. Teflon® PTFE is 
a preferred material for the poppet because of its supe- 
rior anti-fatigue characteristics. However, the rolling di- 
aphragm poppet can also be made from Teflon® PFA, 
in which case it would be formed hy molding process 
due to the different characteristics of this material. 

Valve apparatus embodied as the fluid now control 
valve illustrated in FIGS. 1 and 2 can be used to reliably 
operate to control the distribution of either fluid or gas 
through the FTH at temperature conditions of up to 
about 1 80° C, and pressure conditions of up to about 1 50 
psig at an ambient temperature of about 25°C or above. 

Accordingly, it is to be understood that : within the 
scope of the appended claims, valve apparatus and roll- 
ing diaphragm poppets constructed according to princi- 
ples of this invention may be embodied other than as 
specifically described herein. 



Claims 

1. A valve comprising: 

a fluid transport housing having a fluid chamber 
disposed therein that includes a valve seat; 
a piston housing connected with the fluid trans- 
port housing and having a piston chamber; 
a piston disposed within the piston chamber 
a poppet attached to an end of the piston and 
disposed within the fluid chamber, wherein the 
poppet comprises: 

a head adapted to interact with the valve 
seat to control fluid flow therebetween; 
a sleeve that extends axially away from the 
head and that has a thin-wall construction; 
and 

a flange that extends radially away from the 
sleeve to define a peripheral edge of the 
poppet, wherein the flange is interposed 
between the fluid transport housing and 
piston housing; 

means for actuating the piston and poppet ax- 
ially within the valve; 

wherein the sleeve is adapted permit axial dis- 
placement of the poppet within the valve by roll- 
ing movement of the sleeve between a wall sur- 
face of the piston and a concentric surface of 
the valve. 
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A valve as recited in claim 1 wherein the head in- 
cludes at least one notch disposed radially therein 
and that extends axially therealong from a free end 
of the head, and wherein the head is sized to form 
an interference fit within the vaive seat to provide a 
leak-tight fitting with the head when the head when 
inserted therein so that such notch is not exposed, 
and to provide fluid flow when a portion of such 
notch is exposed by the valve seat. 

A poppet for use in a fluid transport apparatus com- 
prising: 

a solid head having a circular radial cross sec- 
tion; 

a cylindrical sleeve extending axially away from 
a peripheral edge of the head, wherein the 
sleeve has a continuous thin-wall construction 
that is adapted to roll in an axial direction be- 
tween concentric fluid transport apparatus sur- 
faces; and 

a flange that extends radially away from the 
sleeve and that is adapted to provide a leak- 
tight fitting against an adjacent fluid handing 
apparatus surface; 

wherein the poppet is a one-piece construction. 

A poppet as recited in claim 3 wherein the sleeve 
has a constant wall thickness and is not bellowed 

A valve apparatus for controlling fluid flow compris- 
ing: 

a valve body having a chamber that extends ax- 
ially therethrough; 

a poppet that is disposed within the chamber 
and that is attached at one end to a piston that 
is axially displacable within the chamber, 
wherein the poppet has a one-piece construc- 
tion and comprises: . 

a head having a circular radial cross sec- 
tion and having a f rontside surface adapted 
to interface with a valve seat in. the cham- 
ber to control fluid flow therethrough; 
a cylindrical sleeve extending axially away 
from a peripheral edge of the head and 
having a non-bellowed configuration; and 
a flange extending radially from the sleeve 
to define a peripheral edge of the poppet, 
the flange including means for providing a 
leak-tight seal with the valve body; 

wherein the sleeve permits axial displacement 
of the head within the chamber by. rolling in an 
. axial direction between a piston wall surface 
and a concentric surface within the valve body. 
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A valve apparatus as recited in claim 5 wherein pop- 
pet head includes at least one notch that is disposed 
radially therein to a predetermined depth and that 
runs axially a distance along a length of the head. 

A valve apparatus as recited in claim 6 wherein 
such notch is in the form of a rectangle that provides 
linear fluid flow characteristics. 

A valve apparatus for controlling the rate of fluid flow 
therethrough comprising: 

a valve body having a chamber extending axi- 
ally therein; 

. a piston disposed axially within the valve body; 
means lor moving the piston in an axial direc- 
tion within the chamber; and 
a one-piece poppet attached to an end of the 
piston and mounted to the valve body 
comprising : 

a flange defining a peripheral edge of the 
poppet and having a circular radial cross 
section, the flange including a tongue ex- 
tending axially therefrom that is disposed 
within a groove in the valve body to form 
leak-tight seal therewith; 
a sleeve extending axially away from an in- 
side diameter of the flange, wherein the 
sleeve has a thin-wall construction and a 
non-bellowed configuration, and wherein 
an inside diameter of the sleeve is posi- 
tioned against a wall surface of the piston; 
and 

a head extending radially inwardly from.the 
sleeve, the head being adapted to form a 
leak-tight seal with a valve seat of the valve 
body, wherein the piston is attached to the 
poppet at a backside surface of the head; 

wherein the sleeve is adapted to roll in an axial 
direction between a wall surface of the piston 
and a concentric wall surface of the valve body 
to accommodate axial displacement of the 
head within the chamber to control fluid flow 
through the valve apparatus. 

A rnethod for controlling fluid flow through a fluid 
handling apparatus comprising the step of moving 
a popper axially within the fluid handing apparatus, 
"to cause a head of the poppet to interface with a 
valve seat within a fluid chamber of the fluid han- 
dling apparatus, by rolling a cylindrical poppet 
sleeve that is connected to the head in an axial di- 
rection from one cylindrical fluid handling apparatus 
surface to an adjacent concentric cylindrical fluid 
handling apparatus surface, wherein the sleeve is 
attached at an opposite end to a poppet flange that 
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forms a leak-tight non-rotatable attachment with the 
chamber. 

10. A method as recited in claim 9 further comprising 
the step of axially moving the poppet head across 5 
the valve seat to provide linear fluid flow rate con- 
trol, wherein the poppet head includes at least one 
notch that is disposed radially therein. 
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FIG. 7 
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(54) Compact valve with rolling diaphragm poppet 



(57) A valve apparatus comprises a valve body (12), 
a piston disposed within the valve body, and a rolling 
diaphragm poppet (86) that is attached the piston (80) 
to regulates fluid flow through the valve via interaction 
with a valve seat within the valve body. The valve body 
has a chamber extending therethrough that includes a 
valve seat at one chamber end that defines a fluid inlet 
passage into chamber. The piston disposed within the 
chamber and is adapted for axial displacement therein 
by an actuating means. The rolling diaphragm poppet is 
attached to an end of the piston and is of a one-piece 
construction. The poppet includes a head (82) that has 
a circular radial cross section, and that has a frontside 
surface that is adapted to interface with the valve seat 
in the chamber to control fluid flow therethrough. The 
head also has a backside surface that is adapted to ac- 
commodate attachment with an end of the piston. The 
poppet includes a cylindrical sleeve (120) that extends 
axially away from a peripheral edgo of the head and that 
has a non-bellowed configuration. A flange extends ra- 
dially from the sleeve to define a peripheral edge ol the 
poppet. The flange including means for providing a leak- 
tight seal with the valve body Axial displacement of the 
poppet head within the chamber, in response to the axial 
movement of the piston, is provided by a rolling move- 
ment of the sleeve in an axial direction between a piston 
wall surface and a concentric wall surface within the 
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